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© Device for aiding a radiologist during percutaneous transluminal coronary angioplasty. 



© A control panel (34), which includes a program- 
mable electroluminescent touch screen (48) and a 
joystick (46), is mounted so as to be operable by the 
radiologist during a PTCA procedure. A bedside 



monitor (20) displays fluoro and roadmap information 
during the procedure. The radiologist can adjust the 
relative weight of the roadmap information to the 
fluoro information by operating the joystick. 
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The invention relates to X-ray apparatus, and 
more particularly relates to X-ray apparatus which 
is used during special purpose cardiac catheteriza- 
tion. In its most immediate sense, the invention 
relates to apparatus which is used during per- 
cutaneous transluminal coronary angioplasty 
(PTCA). 

It has long been known that heart function can 
be impaired by stenotic deposits in the coronary 
arteries. Such deposits can become relatively large 
and block blood flow through the artery. 

In PTCA, an inflatable catheter is introduced 
into the patient's circulatory system and guided to 
a stenosis (blockage) in the patient's heart. When 
the catheter is properly positioned, it is inflated to a 
greatly increased size and brought to bear against 
the stenosis. This causes the stenosis to break up 
into smaller pieces or to be flattened against the 
arterial wall, clearing the artery and thereby im- 
proving blood flow through it. 

X-ray equipment has long been used to aid the 
PTCA procedure. Ideally, the equipment shows the 
radiologist or cardiologist where the catheter is 
actually located. (For the purposes of this disclo- 
sure, the difference between a radiologist and a 
cardiologist is unimportant. In the interest of brev- 
ity, the term "radiologist" will be used hereinafter, 
it being understood that this disclosure applies 
equally well to cardiologists.) This permits the ra- 
diologist to properly guide the catheter to the de- 
sired location without e.g. making wrong turns and 
guiding the catheter in the wrong direction at an 
arterial fork. Conventionally, as for example in the 
DIGITRON® unit sold by Siemens Medical Sys- 
tems, Inc., a stored opacified image of the relevant 
portion of the patient's circulatory system (such an 
image shows the arterial structure and is called a 
roadmap) is either summed with a real-time 
fluoroscopic (colloquially, "fluoro") image which in- 
cludes the catheter or displayed on a separate 
monitor. The resulting images can be used to 
guide the catheter to the proper location. 

However, existing X-ray equipment suffers from 
two major disadvantages. First, it is not generally 
intended for use by the radiologist during the cath- 
eterization process and is not easily adapted for 
use under sterile conditions. This is because con- 
ventional equipment uses a keyboard or mouse as 
a major user interface and such an interface is 
impractical for a catheterization laboratory. 

Second, and equally importantly, conventional 
X-ray equipment does not present information in 
such form as would be most useful for the radiolo- 
gist. Under certain circumstances and in certain 
stages of the PTCA procedure, the radiologist wish- 
es to see the roadmap of the patient's circulatory 
system, i.e. the diameter, direction etc. of the ar- 
tery in which the catheter is being advanced, to- 



gether with the real-time fluoro image of the cath- 
eter and nearby bones and organs. Under other 
circumstances and in other stages of the PTCA 
procedure, the radiologist is exclusively interested 

5 in the position of the catheter relative to other body 
structure (bones, organs etc.) Roadmap information 
is then irrelevant and distracting. 

As a result of such limitations, a PTCA proce- 
dure frequently lasts for 2 hours or more. This is 

w disadvantageous; it is desirable to shorten the du- 
ration of any interventional operation. Additionally, 
since the catheter is in the heart and the patient 
may have heart distress and require open-heart 
surgery, an empty operating room is usually held 

75 ready until the PTCA procedure is completed. This 
is quite costly and quite wasteful of limited hospital 
resources. 

It would be advantageous to provide apparatus 
which could be used by the radiologist during the 

20 PTCA procedure to reduce the duration of the 
PTCA procedure. 

One object of the invention is to provide a 
device which is usable by a radiologist during a 
PTCA procedure. 

25 Another object of the invention is to provide a 

device which allows the radiologist to adjust the 
image information presented to him during a PTCA 
procedure so as to match the information pre- 
sented with the information desired. 

30 A further object of the invention is to provide a 

device which is usable by a radiologist in the 
sterile conditions of a catheterization laboratory 
while the radiologist is standing at the patient's 
bedside. 

35 In accordance with the invention, there is pro- 

vided a means for acquiring and storing an 
opacified image and a means for acquiring a real- 
time fluoroscopic image. There is further provided 
a means for superimposing said opacified image 

40 and said real-time image, said superimposing 
meaqs being adjustable by the radiologist and op- 
erating so as to assign weights to said opacified 
image and said real-time image in accordance with 
adjustment by the radiologist and to thereby pro- 

45 duce a superimposed image with content that de- 
pends upon adjustment by the radiologist. Also 
provided is a means for displaying said superim- 
posed image to the radiologist on a single monitor. 
The superimposing means allows the radiolo- 

50 gist to adjust the information displayed on the 
display means by changing the weights of the 
images. If the radiologist is exclusively interested in 
fluoro information, the weights of the images can 
be adjusted so that real-time image information 

55 dominates the information displayed. Alternatively, 
if the radiologist is also interested in roadmap 
information, the weights of the images can be 
adjusted so that both fluoro and roadmap informa- 
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tion are present in the information displayed. 

In preferred embodiments, the superimposing 
means is located at the patient's bedside and has a 
joystick and a programmable touch screen. This is 
particularly well adapted for use by a radiologist 
who must operate standing up and whose hands 
are covered by surgical gloves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary and non-limiting preferred embodi- 
ments of the invention are shown in the drawings, 
in which: 

Fig. 1 schematically illustrates angiography ap- 
paratus; 

Fig. 2 illustrates an opacified roadmap image of 
a carotid artery; 

Fig. 3 illustrates a real time fluoroscopic image 
of a carotid artery; 

Fig. 4 illustrates a superimposition of Fig. 2 and 
Fig. 3 in which equal weights are assigned to 
each; 

Fig. 5 schematically illustrates the mechanical 
aspects of a preferred embodiment of the inven- 
tion; 

Fig. 6 schematically illustrates the electronic as- 
pects of a preferred embodiment of the inven- 
tion; and 

Fig. 7 shows the control panel used in the 
preferred embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

It has long been known to use coronary an- 
giography in the catheterization laboratory to aid 
the PTCA procedure. In coronary angiography, an 
X-ray source 10 is used to direct X-rays through 
the patient 12 and a contrast medium (usually, but 
not necessarily, iodine) which is opaque to X-rays 
is introduced into the artery of interest and flows 
along with the bloodstream. The differences in 
opacity to X-rays is picked up by an image intensi- 
fier 16, which produces a visual image from the X- 
rays which pass through the patient 12. 

A video camera 18, mounted in operative rela- 
tion to the image intensifier 16, converts this visual 
image into video signals which may eventually be 
displayed on a monitor 20. Thus, by injecting con- 
trast medium into the coronary arteries of the pa- 
tient 12, the arterial structure may be visualized on 
the monitor 20 in a so-called opacified image, or 
roadmap (Fig. 2). (Figs. 2, 3 and 4 show a carotid 
artery even though PTCA is performed on coronary 
arteries. This is merely for clarity.) This visualiza- 
tion cannot be accomplished directly because 
blood, by itself, does not show up on an X-ray 
image. 



Let it be assumed that such a roadmap image 
has been acquired and stored. Let it also be as- 
sumed that a catheter 8 has been introduced into 
the body of the patient 12. The catheter 8 and 

5 other non-arterial body structure such as bones, 
body organs etc. will show up in an X-ray image. If 
a real-time X-ray image (a so-called fluoro image, 
Fig. 3) is superimposed (Fig. 4) on the stored 
opacified image of the artery and displayed on the 

w bedside monitor 20, the radiologist can learn where 
the catheter 8 is actually located and can advance, 
redirect and retract it as necessary. 

In equipment such as the DIGITRON® system 
sold by Siemens Medical Systems, Inc., it is possi- 

75 ble to accomplish such superimposition. However, 
the superimposition is in a fixed weighting. This is 
disadvantageous because a radiologist will wish to 
change the display as the PTCA procedure pro- 
gresses. At the beginning of the operation, the 

20 radiologist may wish to see only the real-time 
fluoro image (e.g. Fig. 3), because he is exclusively 
interested in the position of the catheter 8 with 
respect to body landmarks such as bones and 
organs. In the middle of the operation, the radiolo- 

25 gist may wish to see a superimposition image (e.g. 
Fig. 4) which includes roadmap information and 
fluoro information, and at the end of the operation, 
the radiologist may as before only wish to see the 
real-time fluoro image (Fig. 3). There is no way that 

30 the radiologist, by himself, can select between 
these displays, because a) the control panel of the 
DIGITRON® unit is unsuitable for operation by a 
radiologist who is gloved up and wearing sterile 
clothing and b) because the software used in the 

35 DIGITRON® unit does not allow such a selection. 
Thus, any change in display must be accomplished 
by the equipment operator, responding to verbal 
instructions from the radiologist. This is unsatisfac- 
tory. 

40 Additionally, radiologists actually work by refer- 

ring alternately to roadmap and fluoro information. 
This permits them to mentally integrate the two 
types of information and thereby form an accurate 
mental impression regarding the progress of the 

45 catheter in the artery. It would facilitate such in- 
tegration if the radiologist were able to fade varying 
amounts of roadmap information into the real-time 
fluoroscopic information. This is presently impos- 
sible. 

50 In the preferred embodiment of the invention, 

an X-ray source 22 is mounted to a movable gantry 
24, which advantageously although not necessarily 
is of the C-arm type. The source 22 can be prop- 
erly positioned relative to the patient 12 by appro- 

55 priate adjustment of the gantry controls 26. 

An image intensifier/video camera 28 is op- 
posed to the source 22 and converts the image 
into video signals. These are directed to an elec- 
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tronic system 32 (Fig. 6) which is controlled by a 
control panel 34 (Fig. 7). The control panel 34 is 
located directly adjacent the gantry controls 26 so 
as to be conveniently operable by the radiologist 
30. The electronic system 32 is connected to the 
video monitor 20. 

The electronic system 32 will now be briefly 
described in connection with Fig. 6, which shows 
the preferred embodiment in the context of a bi- 
plane catheterization laboratory. Therefore, two vid- 
eo cameras 28 are shown. In a single plane in- 
stallation, there would be only one video camera 
28; the second video camera 28 is therefore op- 
tional and is consequently illustrated in dashed 
lines. 

The electronic system 32 is connected to two 
video cameras 28 (such as the VIDEOMED® C 
cameras sold by Siemens Medical Systems, Inc.), 
which provide a high resolution (1024 x 1024) video 
output. The electronic system 32 is also connected 
to an X-ray control unit 52 (which may for example 
be the POLYDOROS® console and associated X- 
ray generator 22 sold by Siemens Medical Sys- 
tems, Inc.) and an ECG/physiological sensor sys- 
tem 54 (such as the MICOR® system sold by 
Siemens Medical Systems, Inc.) 

Data coming into the electronic system 32 from 
the cameras 28, the control unit 54 and the sensor 
system 54 is digitized in an ADC 38 and then 
routed to acquisition control and buffer circuitry 40. 
The function of the acquisition control and buffer 
circuitry 40 is to receive the incoming data and to 
so control the flow and pipelining of that data that 
none is lost. 

The acquisition control and buffer circuitry 40 
is, like most of the remaining elements, connected 
to a data bus 56. Also so connected is an image 
memory 50 which is also connected to a high 
speed disk 42. The disk 42 receives image data 
which cannot be retained in the image memory 50, 
and the disk 42 and image memory 50 are con- 
nected together by a direct high speed data path. 
This direct data path permits image data to be 
shuttled back and forth between the image memory 
50 and the disk 42 without being delayed by 
pipelining in the data bus 56. 

A real time image processor 58 is also con- 
nected to the data bus 56. The image processor 58 
carries out conventional image processing in addi- 
tion to certain additional functions which are de- 
scribed below. The processed image is routed from 
the data bus 56 to a display processor 60, which 
serves to refresh the two monitors 20 and, if this 
option is elected, to feed a videotape unit 62. (Two 
monitors 20 are shown because a biplane installa- 
tion is illustrated. In a single plane installation, only 
one monitor 20 would be used, and the other 
monitor 20 is consequently shown in dashed 
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lines.) 

The gantry system 24 is connected to the data 
bus 56. This permits image information to be asso- 
ciated with the gantry configuration that existed at 

5 the time the image information was acquired. 

The control panel 34 is also connected to the 
data bus 56. If desired, there may be two control 
panels 34; one located at bedside and the other 
located in the control room. Where two control 

10 panels 34 are utilized, they are both master/slaved 
so that both electroluminescent touch screens 48 
described below show the same menu screen and 
messages whenever one of the screens 48 is 
touched. 

75 When the incoming video is, e.g., an opacified 

image of a coronary artery under investigation, the 
image is stored on the disk 42. When, later on, a 
catheter is inserted in the artery, individual X-ray 
images of the catheter may be acquired in real 

20 time, usually by depressing a footswitch (not 
shown). The real time fluoro images are initially 
stored in the image memory 50; they are then 
processed in the image processor 58 as described 
below. 

25 It is known, by itself, to weight and superim- 

pose images on a single video monitor. In accor- 
dance with the preferred embodiment of the inven- 
tion, superimposition of stored opacified images 
and real-time fluoroscopic images is carried out in 

30 the processor 58 and displayed on the monitors 20, 
but the ratio in which the superimposition is ac- 
complished is, in the appropriate operating mode, 
controllable by the radiologist by operating the 
joystick 46 on the control panel 34. 

35 The control panel 34 has a joystick 46 and a 

programmable electroluminescent touch screen 48. 
The joystick 46 is spring loaded so as to return to 
the center position if it is not manually displaced. 
The touch screen 48 is used to select the operating 

40 mode of the preferred embodiment by appropriate 
menuing. (It will be understood that X-ray equip- 
ment must necessarily have provision for, e.g., 
entering patient information, selecting the particular 
roadmap which is to be displayed on the monitor 

45 36, etc. For this reason, all X-ray imaging equip- 
ment operates in various modes. In the mode here- 
in referenced, which may be termed the 
"Overlay/Fading" mode, the real-time fluoroscopic 
information about the catheter is acquired.) 

50 When, e.g. opacified and real-time images are 

stored respectively on the disk 42 and in the image 
memory 50, they may be superimposed in various 
ratios, filtered, etc. in the processor 58. (Image 
filtering such as high-pass filtering and Sobel edge 

55 enhancement is used, for example, to display only 
edges of blood vessels. This prevents opacified 
roadmap information from obstructing the real-time 
fluoroscopic information. Such image filtering is 

4 
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known to persons skilled in the art.) The final 
filtered and superimposed image is stored in the 
display processor 60 for display on the monitors 
20. When the Overlay/Fading mode is selected by 
touching the appropriate regions of the touch 
screen 48, up/down positioning of the joystick 46 
accomplishes the superimposition of stored and 
real-time information on an apparently continuous 
basis. 

Where the unit is in the Overlay/Fading mode, 
the position of the joystick 46 determines whether 
the stored roadmap image is faded into or out of 
the real-time fluoro image, and also determines the 
rate at which the fading in/out takes place. The rate 
is determined by the displacement of the joystick 
46 from the center position and whether the road- 
map information is faded in or out is determined by 
whether the joystick is up or down relative to the 
center. Moving the joystick 46 up adds opacified 
(roadmap) image information (up to a limit of 80% 
of the superimposition image); the further up the 
joystick 46 is moved, the faster that the roadmap 
information is faded in. Moving the joystick 46 
down subtracts opacified (roadmap) information 
from the superimposition image until (in the ex- 
treme case) the superimposition image is exclu- 
sively composed of real-time fluoroscopic informa- 
tion. As displacement of the joystick 46 from the 
center increases, so does the rate of subtraction. 

The preferred embodiment of the invention 
does not provide for complete elimination of the 
real-time information when in the mode herein dis- 
cussed. This is because the purpose of the 
Overlay/Fading mode is to permit the radiologist to 
acquire real-time fluoro information by operating 
the footswitch (not shown). 

The preferred embodiment of the control panel 
34 is advantageous because it is easy to operate 
when in a standing position and dressed and 
gloved for surgery. To maintain sterility, it may be 
draped with a thin transparent plastic sheet; this in 
no way impedes access to the touch screen 48 or 
joystick 46. 

Those skilled in the art will understand that 
changes can be made in the preferred embodi- 
ments here described, and that these embodiments 
can be used for other purposes. Such changes and 
uses are within the scope of the invention, which is 
limited only by the claims which follow. 

Claims 
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fluoroscopic image; 

means for superimposing said opacified 
image and said real-time image, said superim- 
posing means being adjustable by the radiolo- 
gist and operating so as to assign weights to 
said opacified image and said real-time image 
in accordance with adjustment by the radiolo- 
gist and to thereby produce a superimposed 
image with content that depends upon adjust- 
ment by the radiologist; and 

means for displaying said superimposed 
image to the radiologist. 

The device of claim 1 , wherein said acquiring 
and storing means comprises an X-ray source, 
an image intensifier, a video camera and a 
digital memory. 

The device of claim 1 , wherein said displaying 
means comprises a video monitor. 

The device of claim 1, wherein said superim- 
posing means comprises a programmable 
touch screen. 

The device of claim 1 , wherein said superim- 
posing means comprises a joystick. 
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A device for use directly by a radiologist dur- 
ing percutaneous transluminal coronary an- 
gioplasty, comprising: 

means for acquiring and storing an 
opacified image; 

means for acquiring a real-time 
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